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Introduction 
 In early 2001 the Expert G

roup on 3-D
 R

adiation Transport B
enchm

arks of the N
uclear 

Energy 
A

gency 
solicited 

participants 
for 

a 
proposed 

new
 

benchm
ark 

[1]. 
 

The 
benchm

ark, know
n as C

5G
7 M

O
X

, is intended to be a basis to m
easure current transport 

code abilities in the treatm
ent of reactor core problem

s w
ithout spatial hom

ogenization.  
W

e have participated w
ith the code transport code PA

R
TISN

 [2].  PA
R

TISN
 (PA

R
allel 

TIm
e D

ependent SN
), PA

R
TISN

 solves the linear B
oltzm

ann transport equation in static 
and tim

e dependent form
s on one, tw

o and three dim
ensional orthogonal grids using the 

determ
inistic (S

N ) m
ethod.  A

 variety of spatial discritization m
ethods are incorporated 

into PA
R

TISN
, how

ever all calculations perform
ed here used the diam

ond difference 
approach, coupled w

ith a volum
e fraction m

ethod for non-C
artesian problem

 geom
etries.  

A
cceleration of the source iterations is accom

plished w
ith diffusion synthetic acceleration 

(D
SA

). 
 

D
escription of W

ork 
 

For the tw
o dim

ensional C
5G

7 M
O

X
 problem

 w
e used an X

-Y
 C

artesian grid.  R
ather 

than creating a “stair stepped” grid to represent each fuel pin, w
e began w

ith an 
unstructured quadrilateral grid created using IC

EM
 C

FD
 Engineering grid generation 

tools.  This unstructured grid m
ore closely represents the actual geom

etry of each w
ater 

channel-fuel pin com
bination.  W

e then overlay a C
artesian m

esh onto the unstructured 
grid and calculate to volum

e fractions of each m
aterial w

here a C
artesian m

esh cells is 
intersected by an unstructured m

esh m
aterial boundary.  This m

ethodology allow
s the 

preservation of m
ass w

ithout changing the density in cells w
hich are not intersected by 

actual m
aterial interfaces.  W

e generated three grids for the tw
o dim

ensional case, a 
coarse, m

edium
, and fine, corresponding to a 5x5, 10x10 and 15x15 grid in each w

ater 
channel-fuel pin cell, and 30 m

esh cells in each direction of the w
ater reflector.  A

n 
exam

ple of the m
edium

 m
esh grid in a typical w

ater channel-fuel pin region can be found 
in figure 1.  The cells containing an X

 indicate m
esh cells w

here volum
e fractions of fuel 

and w
ater have been calculated.  The unm

arked cells contain just one m
aterial, either the 

appropriate w
ater or fuel. 

 The grid for the three dim
ensional problem

 w
as generated in the sam

e w
ay, beginning 

w
ith a three dim

ensional unstructured m
esh and calculating the corresponding volum

e 
fractions for C

artesian X
-Y

-Z m
esh cells intersecting m

aterial interfaces.  W
e perform

ed 
calculations on tw

o three dim
ensional grids, one coarse and one m

edium
, w

hich, as in the 
tw

o dim
ensional case, contained 5x5 and 10x10 m

esh cells respectively, in each w
ater 



  

 
 

Figure 1 – R
epresentation of fuel pin m

eshing 
 channel-fuel pin cell, and 30 m

esh cells in each direction of the w
ater reflector.  The 

coarse m
esh fuel region contained 20 cells in the Z direction, for a total of 200x200x50 or 

6 m
illion cells.  The fuel region of the m

edium
 m

esh w
as com

prised of 50 cells in the Z 
direction for a total of 370x370x80, or 10,952,000 cells. A

 fine three dim
ensional m

esh 
w

e also generated, consisting of 17,496,000 cells, but tw
o dim

ensional convergence 
studies indicated that a m

esh this fine is not required. 
 W

e ran each problem
 using the square Tchebechev-Legendre quadrature set [3] and 

diam
ond difference spatial differencing.  The pointw

ise fluxes w
ere converged to an error 

of 1.0E-05.  The diffusion equations for the D
SA

 w
ere solved using a parallel m

ultigrid 
technique described by A

lcouffe [4].  V
arying S

N  orders for each m
esh w

ere run to 
determ

ine that spatial and angular convergence w
as achieved.   

 B
oth the tw

o and three dim
ensional problem

s w
ere run on the B

luem
ountain com

puter, 
located at the Los A

lam
os N

ational Laboratory.  B
luem

ountain consists of 48 SG
I O

rigin 
2000 boxes w

ith 128 processors each.  The tw
o dim

ension problem
s w

ere run w
ith 16 

processors, w
hile the three dim

ensional problem
s w

ere run w
ith 126 to 768 processors, 

depending on m
esh size and S

N  order. 
   



C
om

putational R
esults 

 
For this benchm

ark, w
e report the eigenvalues and pin pow

ers for the m
edium

 m
esh grids 

run w
ith S

26  square Legendre-Tchebychev quadrature.  Table 1 presents the eigenvalues 
for both the tw

o and three dim
ensional cases.   

 
Table 1: k Eigenvalues for 2-D

/3-D
 C

5G
7 M

O
X

 B
enchm

ark Problem
s 

 
D

im
ension 

k Eigenvalue 
2-D

 
1.18637 

3-D
 

1.18362 
  In Table 3, the norm

alized m
inim

um
 and m

axim
um

 pins pow
ers for the tw

o dim
ensional 

coarse and m
edium

 m
esh and the three dim

ensional coarse m
esh are show

n.  These 
results w

ere also generated w
ith a quadrature order of S

26 .  C
om

plete pin pow
er results 

can be found in tables 3 – 7. 
 

Table 2: M
axim

um
 and M

inim
um

 N
orm

alized Pin Pow
ers for 2-D

/3-D
 C

5G
7 M

O
X

 
B

enchm
ark Problem

 
 

M
esh 

M
axim

um
 

M
inim

um
 

2-D
 M

edium
 M

esh 
2.5025 

0.2319 
3-D

 M
edium

 M
esh 

2.5018 
0.2318 

 



 
Table 3 – 2-D UO2 Pin Powers near Axis of Symmetry 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17  
1 2.0829 2.1399 2.1888 2.2155 2.2264 2.2307 2.1875 2.1508 2.1230 2.0586 2.0024 1.9518 1.8583 1.7559 1.6341 1.4857 1.2810 1 
2  2.1790 2.2238 2.2699 2.3035 2.3746 2.2577 2.2175 2.2540 2.1232 2.0657 2.0773 1.9233 1.7985 1.6561 1.4941 1.2811 2 
3   2.3052 2.4417 2.4737   2.3872 2.3398   2.2416 2.1822   2.0657 1.9343 1.7147 1.5134 1.2851 3 
4      2.5025 2.4599 2.2994 2.2498 2.2962 2.1542 2.1025 2.1492 2.0844   1.8166 1.5416 1.2926 4 
5     2.4069 2.4322 2.2834 2.2363 2.2827 2.1416 2.0885 2.1261 2.0061 1.9780 1.8367 1.5638 1.2971 5 
6        2.3524 2.3062   2.2103 2.1519   2.0309 1.9434   1.6153 1.3008 6 
7       2.2226 2.1822 2.2300 2.0910 2.0355 2.0605 1.9076 1.8187 1.7716 1.5338 1.2761 7 
8        2.1440 2.1906 2.0551 2.0002 2.0223 1.8709 1.7821 1.7392 1.5092 1.2573 8 
9           2.1019 2.0445   1.9140 1.8216   1.5412 1.2458 9 
10          1.9716 1.9198 1.9431 1.7978 1.7137 1.6748 1.4538 1.2120 10 
11           1.8708 1.8948 1.7571 1.6777 1.6369 1.4208 1.1850 11 
12              1.7941 1.7207   1.4398 1.1635 12 
13             1.6961 1.6773 1.5670 1.3399 1.1166 13 
14                1.4794 1.2635 1.0675 14 
15               1.3205 1.1768 1.0128 15 
16                1.0812 0.9534 16 
17                 0.8770 17 



 
Table 4 - 2-D UO2 Pin Powers near Water Reflector 

 UO2-2 Normalized Pin Powers               
  18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34  
 18 0.7936 0.7896 0.7714 0.7501 0.7253 0.6995 0.6589 0.6212 0.5873 0.5444 0.5052 0.4702 0.4290 0.3941 0.3734 0.3901 0.5025 18 
 19  0.8271 0.8317 0.8262 0.8117 0.8088 0.7402 0.6977 0.6806 0.6133 0.5693 0.5475 0.4863 0.4425 0.4140 0.4247 0.5293 19 
 20   0.8653 0.9003 0.8877   0.8018 0.7541   0.6652 0.6172   0.5373 0.4896 0.4403 0.4389 0.5355 20 
 21      0.8928 0.8521 0.7691 0.7236 0.7100 0.6382 0.5947 0.5815 0.5409   0.4656 0.4443 0.5318 21 
 22     0.8404 0.8251 0.7496 0.7069 0.6937 0.6246 0.5820 0.5667 0.5139 0.4936 0.4637 0.4425 0.5217 22 
 23        0.7532 0.7110   0.6303 0.5860   0.5095 0.4736   0.4449 0.5079 23 
 24       0.6898 0.6533 0.6434 0.5793 0.5395 0.5233 0.4656 0.4318 0.4258 0.4122 0.4852 24 
 25        0.6198 0.6101 0.5504 0.5127 0.4964 0.4417 0.4092 0.4039 0.3923 0.4624 25 
 26           0.5433 0.5053   0.4363 0.4029   0.3849 0.4401 26 
 27          0.4900 0.4567 0.4432 0.3940 0.3651 0.3611 0.3501 0.4124 27 
 28           0.4262 0.4133 0.3685 0.3420 0.3373 0.3272 0.3853 28 
 29              0.3602 0.3349   0.3155 0.3595 29 
 30             0.3266 0.3132 0.2961 0.2817 0.3295 30 
 31                0.2705 0.2560 0.3014 31 
 32               0.2417 0.2360 0.2778 32 
 33                0.2319 0.2667 33 
 34                 0.2878 34 

 
  



 
Table 5 - 2-D MOX Pin Powers 

 MOX Normalized Pin Powers               
 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34  

1 1.3138 1.0614 0.9356 0.8632 0.8112 0.7672 0.7118 0.6623 0.6194 0.5688 0.5232 0.4831 0.4370 0.3974 0.3762 0.4086 0.6002 1 
2 1.2966 1.3434 1.1704 1.0927 1.0478 1.0446 0.9182 0.8499 0.8385 0.7324 0.6718 0.6565 0.5663 0.5032 0.4689 0.5154 0.5922 2 
3 1.2902 1.3205 1.1770 1.1744 1.1188   0.9489 0.8686   0.7545 0.6873   0.6061 0.5412 0.4738 0.5066 0.5883 3 
4 1.2923 1.3323 1.2621   1.1116 1.1271 0.9566 0.8794 0.8752 0.7583 0.6971 0.7018 0.5878   0.5122 0.5119 0.5876 4 
5 1.2951 1.3594 1.2889 1.1810 1.1438 1.0824 0.9272 0.8538 0.8517 0.7367 0.6764 0.6765 0.6097 0.5370 0.5169 0.5225 0.5878 5 
6 1.2965 1.4249   1.2792 1.1415   0.9834 0.9005   0.7841 0.7127   0.6192 0.5760   0.5489 0.5877 6 
7 1.2741 1.3329 1.2223 1.1462 1.0367 1.0355 0.8988 0.8314 0.8320 0.7187 0.6584 0.6524 0.5601 0.5205 0.4869 0.5135 0.5810 7 
8 1.2559 1.3119 1.1981 1.1226 1.0171 1.0164 0.8854 0.8204 0.8204 0.7098 0.6501 0.6426 0.5514 0.5116 0.4789 0.5074 0.5757 8 
9 1.2431 1.3619   1.1887 1.0723   0.9424 0.8670   0.7569 0.6873   0.5884 0.5398   0.5307 0.5723 9 
10 1.2120 1.2687 1.1624 1.0888 0.9876 0.9898 0.8618 0.7993 0.8013 0.6929 0.6351 0.6290 0.5393 0.5005 0.4694 0.4969 0.5637 10 
11 1.1861 1.2434 1.1410 1.0738 0.9742 0.9740 0.8486 0.7870 0.7881 0.6827 0.6267 0.6210 0.5343 0.4972 0.4652 0.4916 0.5570 11 
12 1.1643 1.2860   1.1617 1.0417   0.9041 0.8312   0.7276 0.6632   0.5781 0.5385   0.5150 0.5520 12 
13 1.1216 1.1873 1.1347 1.0410 1.0143 0.9676 0.8317 0.7695 0.7718 0.6690 0.6163 0.6189 0.5581 0.4921 0.4758 0.4814 0.5416 13 
14 1.0777 1.1250 1.0787   0.9621 0.9811 0.8380 0.7752 0.7752 0.6749 0.6234 0.6299 0.5296   0.4640 0.4642 0.5324 14 
15 1.0356 1.0829 0.9845 0.9966 0.9579   0.8237 0.7602   0.6677 0.6120   0.5443 0.4881 0.4282 0.4570 0.5278 15 
16 1.0062 1.0911 0.9847 0.9406 0.9155 0.9219 0.8191 0.7651 0.7596 0.6689 0.6175 0.6058 0.5261 0.4699 0.4386 0.4774 0.5361 16 
17 1.0135 0.9092 0.8546 0.8184 0.7865 0.7555 0.7101 0.6680 0.6305 0.5840 0.5412 0.5030 0.4582 0.4194 0.3968 0.4203 0.5771 17 

 



 
Table 6  - 3-D UO2 Pin Powers near Axis of Symmetry 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17  
1 2.0827 2.1396 2.1884 2.2150 2.2258 2.2302 2.1870 2.1503 2.1226 2.0582 2.0020 1.9514 1.8580 1.7556 1.6339 1.4856 1.2811 1 
2  2.1786 2.2233 2.2694 2.3028 2.3741 2.2571 2.2170 2.2534 2.1227 2.0651 2.0768 1.9229 1.7982 1.6559 1.4940 1.2812 2 
3   2.3046 2.4410 2.4731   2.3866 2.3392   2.2411 2.1817   2.0652 1.9340 1.7145 1.5133 1.2851 3 
4      2.5018 2.4592 2.2988 2.2493 2.2956 2.1536 2.1019 2.1487 2.0839   1.8163 1.5415 1.2926 4 
5     2.4062 2.4314 2.2827 2.2358 2.2821 2.1410 2.0881 2.1256 2.0057 1.9776 1.8364 1.5637 1.2971 5 
6        2.3519 2.3056   2.2097 2.1514   2.0304 1.9430   1.6151 1.3008 6 
7       2.2220 2.1817 2.2295 2.0904 2.0350 2.0600 1.9072 1.8183 1.7714 1.5338 1.2761 7 
8        2.1434 2.1901 2.0545 1.9996 2.0217 1.8706 1.7819 1.7390 1.5091 1.2573 8 
9           2.1013 2.0441   1.9135 1.8212   1.5411 1.2459 9 
10          1.9710 1.9193 1.9426 1.7974 1.7134 1.6745 1.4537 1.2120 10 
11           1.8704 1.8944 1.7567 1.6774 1.6366 1.4207 1.1850 11 
12              1.7937 1.7204   1.4398 1.1636 12 
13             1.6957 1.6770 1.5667 1.3398 1.1166 13 
14                1.4792 1.2634 1.0675 14 
15               1.3205 1.1768 1.0129 15 
16                1.0813 0.9536 16 
17                 0.8771 17 

 



 
Table 7 – 3-D UO2 Pin Powers near Water Reflector 

 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34  
18 0.7937 0.7898 0.7715 0.7502 0.7254 0.6996 0.6590 0.6213 0.5874 0.5444 0.5053 0.4703 0.4291 0.3942 0.3734 0.3900 0.5022 18 
19  0.8272 0.8319 0.8263 0.8118 0.8088 0.7403 0.6977 0.6806 0.6133 0.5693 0.5475 0.4863 0.4425 0.4140 0.4246 0.5290 19 
20   0.8653 0.9003 0.8877   0.8017 0.7541   0.6652 0.6172   0.5373 0.4895 0.4403 0.4388 0.5351 20 
21      0.8928 0.8520 0.7690 0.7236 0.7100 0.6382 0.5947 0.5814 0.5409   0.4654 0.4441 0.5315 21 
22     0.8403 0.8250 0.7495 0.7068 0.6936 0.6245 0.5819 0.5666 0.5138 0.4935 0.4635 0.4422 0.5213 22 
23        0.7532 0.7109   0.6302 0.5859   0.5095 0.4735   0.4447 0.5075 23 
24       0.6897 0.6532 0.6433 0.5792 0.5394 0.5232 0.4655 0.4316 0.4257 0.4120 0.4849 24 
25        0.6197 0.6100 0.5503 0.5127 0.4963 0.4417 0.4092 0.4039 0.3921 0.4620 25 
26           0.5433 0.5053   0.4362 0.4028   0.3848 0.4398 26 
27          0.4899 0.4567 0.4431 0.3939 0.3650 0.3610 0.3500 0.4120 27 
28           0.4261 0.4132 0.3684 0.3419 0.3371 0.3270 0.3850 28 
29              0.3601 0.3348   0.3153 0.3592 29 
30             0.3265 0.3131 0.2960 0.2815 0.3292 30 
31                0.2704 0.2559 0.3011 31 
32               0.2416 0.2360 0.2775 32 
33                0.2318 0.2665 33 
34                 0.2875 34 

 



 
Table 8 - 3-D MOX Pin Powers 

 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34  
1 1.3139 1.0617 0.9359 0.8634 0.8115 0.7674 0.7121 0.6626 0.6197 0.5691 0.5235 0.4833 0.4372 0.3976 0.3764 0.4087 0.5999 1 
2 1.2967 1.3436 1.1707 1.0931 1.0481 1.0449 0.9186 0.8503 0.8389 0.7328 0.6721 0.6568 0.5665 0.5033 0.4691 0.5154 0.5920 2 
3 1.2903 1.3207 1.1772 1.1747 1.1191   0.9493 0.8690   0.7548 0.6877   0.6064 0.5414 0.4740 0.5068 0.5880 3 
4 1.2924 1.3325 1.2624   1.1120 1.1274 0.9569 0.8798 0.8756 0.7587 0.6975 0.7022 0.5880   0.5124 0.5120 0.5874 4 
5 1.2951 1.3595 1.2891 1.1813 1.1441 1.0829 0.9276 0.8542 0.8521 0.7370 0.6768 0.6768 0.6099 0.5372 0.5171 0.5225 0.5876 5 
6 1.2966 1.4251   1.2796 1.1419   0.9838 0.9009   0.7845 0.7131   0.6194 0.5763   0.5489 0.5876 6 
7 1.2742 1.3331 1.2225 1.1464 1.0372 1.0359 0.8991 0.8317 0.8324 0.7190 0.6587 0.6528 0.5603 0.5208 0.4871 0.5135 0.5808 7 
8 1.2560 1.3120 1.1985 1.1230 1.0174 1.0168 0.8858 0.8208 0.8208 0.7101 0.6505 0.6430 0.5517 0.5118 0.4791 0.5074 0.5755 8 
9 1.2433 1.3621   1.1891 1.0726   0.9427 0.8674   0.7573 0.6878   0.5887 0.5401   0.5307 0.5721 9 
10 1.2121 1.2689 1.1627 1.0892 0.9879 0.9901 0.8622 0.7997 0.8017 0.6932 0.6354 0.6293 0.5396 0.5008 0.4695 0.4969 0.5634 10 
11 1.1862 1.2436 1.1412 1.0742 0.9746 0.9743 0.8490 0.7873 0.7884 0.6831 0.6270 0.6214 0.5345 0.4974 0.4653 0.4916 0.5568 11 
12 1.1645 1.2863   1.1621 1.0420   0.9044 0.8316   0.7279 0.6636   0.5782 0.5388   0.5150 0.5518 12 
13 1.1217 1.1874 1.1350 1.0413 1.0147 0.9679 0.8320 0.7698 0.7721 0.6693 0.6166 0.6191 0.5582 0.4923 0.4759 0.4814 0.5414 13 
14 1.0779 1.1252 1.0789   0.9625 0.9814 0.8383 0.7756 0.7755 0.6752 0.6236 0.6301 0.5297   0.4641 0.4643 0.5322 14 
15 1.0357 1.0831 0.9848 0.9969 0.9582   0.8240 0.7605   0.6679 0.6122   0.5444 0.4883 0.4282 0.4570 0.5275 15 
16 1.0063 1.0913 0.9849 0.9408 0.9158 0.9222 0.8194 0.7653 0.7598 0.6691 0.6178 0.6060 0.5262 0.4700 0.4386 0.4773 0.5359 16 
17 1.0136 0.9094 0.8548 0.8185 0.7867 0.7556 0.7102 0.6681 0.6307 0.5841 0.5414 0.5032 0.4583 0.4195 0.3968 0.4202 0.5769 17 
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